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Abstract 
One of the major barriers to the sustainable growth of India is the energy crisis. Despite of continuous efforts and investment of 
Government in the energy sector, in 2011, 300 million of Indian population was deprived of electricity. The segment of population 
which has access to electricity faces the problem of intermittent and unreliable power supply. This is because India faces transmission 
losses of more than 32% (in 2010) as compared to global average of 15% because of inefficient transmission network and location of 
power generation sites at very far distances from the end use sites. Also, the rapidly growing building sector is responsible for at least 
30-40% of energy usage and this demand is growing annually at 11-12%, which is almost twice global average of 5-6%.These are 
serious matters of concern for India and calls for a viable solution [1]. 
 
One of the most promising solutions to this situation is energy efficient buildings (EEBs) with grid-connected on-site energy generation 
using renewable energy sources i.e. Decentralized energy generation (DE). Various building components suit as power generation sites 
through more than one renewable energy sources. With buildings growing in India at very high rate, and India being rich in renewable 
energy sources, this is the most viable option for mitigating energy crisis.  
 
The environmental, social and economic benefits of EEBs with grid connected DE include but are not limited to reduction in carbon 
emission around 30-40% which is caused due the present coal-based energy generation system, economical since the cost of setting up 
grid connected DE will clearly be less than setting up high-voltage transmission networks. Also, due to grid connected DE, the surplus 
energy producers will receive Feed-in tariff which can in turn decrease the pay-back period and also will not isolate them from grid 
supply. It will develop a feeling of unconventionality and social responsibility in the community and will lead to an attitude change 
towards energy usage thus reducing carbon footprints. It will be a revolution for people deprived of basic energy services.  
 
The presented work identifies barriers to the proposed model in India. It reviews EEB standards followed in different countries, 
administrative policies and reforms implemented, financial mechanisms, incentives and feed-in tariff offered and the technical and 
environmental consequences of the model. As an outcome of the study, the paper proposes a way forward to successfully implement 
EEB grid connected DE in India. 
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The energy demand of India, as witnessed in 2009, was the third largest in the world after China and United States. It has 
increased more than twice from 319 million tonne of oil equivalent in 1990 to 669 million tonne of oil equivalent in 2009. 
Nevertheless, the per capita energy consumption has risen at a low pace from 268.13 kWh in 1990 to 589.94 kWh in 2009 
[2]. Thus it can be inferred that the per capita energy increase has a long way to go. To satisfy this demand, India needs a 
powerful and self-dependent energy sector. Unfortunately, the present energy resources are unable to meet the existing 
demand. In the year 2010-11, base load requirement was 861,591 million units against the availability of 788,355 million 
units, a discrepancy of 8.5%. The peak demand was 122 GW against the availability of 110 GW, a discrepancy of 9.8% 
[3]. Also energy is generated far from cities and therefore two-thirds of primary energy inputs get wasted in transmission 
and distribution and thus adds up to the delinquent situation. In 2010, India faced T&D losses of more than 32% as 
compared to global average of 15%. For the energy generation to meet the energy demand at the same T&D losses, India 
needs to add about 135 GW of power generation capacity before 2017 which would require a capital investment of US$ 
135 billion. 
 
If seen from climate change point of view, Coal-based power plants account for over 60 per cent of the total carbon 
emissions in India. The country’s power plants emit over 540 million tonnes of CO2 annually. CO2 emissions due to 
electricity production increased by 81.95% in the period of 2000-10 while the electricity production increased by 41.55% 
in the same period (World Bank Data). Thus the CO2 due to electricity production have almost doubled in the period and 
points towards the inefficiency of the power plants to address the climate change issue. 
 
In the previous decade, the infrastructure sector in India has developed at a rapid pace. Particularly construction industry is 
growing at the rate 9% against the world average of 5.5%, annually. Buildings are major consumer of electricity used for 
various domestic and commercial purposes. In India, they are responsible for at least 30-40% of energy use and this share 
is growing annually at 11-12%, which is almost twice the average electricity growth in the economy which is 5-6% 
annually [1]. According to GRIHA manual, there is an increased demand of about 5.4 billion units of electricity annually 
for meeting end-use energy requirements for residential and commercial buildings. In a typical building, approximately 
80-90% of the energy is consumed for heating, cooling, lightning and other appliances. The other 10-20% is utilized 
during construction and material manufacturing. In 2010-11, domestic household consumption accounted for 28% of total 
electricity consumption [4]. It is estimated that two-thirds of the buildings that will be forming a part of the commercial 
and high-rise real estate in 2030 is yet to come up. Also, new buildings are coming up at higher pace while the old 
buildings are not replaced at the same rate. Thus, the rate of increase in energy is always cumulative. Therefore, buildings 
remain as major energy consumer for the present and next decade.  
 
In India, buildings are built using conventional construction material and the use of recycled or reused materials is still for 
demonstration purpose only. Due to embodied carbon in the construction material and due to electricity usage, buildings 
also remain as potential CO2 emitter. Globally, the urban areas contribute 70% while the housing construction and estate 
development contribute 40% to the GHG emissions. Buildings contribute approximately 50% of the world’s air pollution, 
42% of GHG emissions, 50% of water pollution, 48% of solid waste and 50% of CFCs (chlorofluorocarbons) to the 
environment [4]. 
 
Since the construction sector in India still emphasises on conventional less energy efficient buildings, it becomes difficult 
for the energy sector alone to compete with the increasing electricity demand. This calls for energy efficient buildings 
which consume less electricity than conventional buildings and also generate their own energy resources through 
renewable energy. Apart from this, EEB also present themselves as climate conscious buildings helping in reducing CO2 
and other Green House Gases (GHG) emission. 
 
2. Power sector in India and a comparison with Germany, China and UK 
 
2.1 Power sector in India  
The power sector in India is the fifth in the world having an installed capacity of 223.625 GW (April 2013) [5]. The non-
renewable energy fuels are leading energy producers constituting 87.55% against renewable energy sources sharing 
12.45% [6]. Figure 1 shows the fuel-wise distribution of power sector in India, Germany, China and UK. It can be seen 
that Germany is currently the leading nation in promoting renewable energy (18%) among the four nations and has also 
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significantly controlled the use of thermal energy sources. India and UK share second position in installing renewable 
sources. In renewable energy sources, China is leading the way in wind energy with 75,564 MW installed capacity by the 
end of 2012. Germany with 31,332 MW, India with 19,051 MW and UK with 8,445 MW installed capacity follows. In the 
case of solar energy in 2012, Germany is the leader with 32,509 MW peak power capacity. China, UK and India follow the 
order with peak power capacity of 8.043 MW, 1,831 MW and 1,686 MW respectively.   
 
 
 
(i) 
 
(ii) 
 
(iii) 
 
(iv) 
Fig. 1. Fuel-wise distribution of power sector in (i) India [3] (ii) Germany (iii) China (iv) UK  
 
 
India’s primary energy source is thermal sources including coal, oil and gas. The thermal sources account for 66% of the 
total energy sources. The most important matter of concern for the power sector is the shortage of coal to feed the thermal 
power plants. Despite of abundant coal resources, the nation is not able to meet the coal demand of the power plants. 
Reasons include conventional mining technology, coal theft and most of the coal reserves lying under protected forests or 
designated tribal lands. With cost of coal extraction rising and its potential to rise CO2 emissions, it is a high time for India 
to move towards renewable sources. The average transmission and distribution losses are more than 32% yielding to 
inefficiency in energy distribution. More than 300 million people, in 2011, were deprived of access to energy which leads 
to the usage of traditional fuels including fuelwood, dung cakes for domestic needs. This is one of the reasons for high per 
capita CO2 emission in India. Problems faced on the user side include long and frequent power cuts, voltage fluctuation 
and poor quality of power supply. This has led to increase in use of alternative diesel-based power generators which are 
prominent source of GHG emissions. Recent incident of July 2012 blackout has called for major reforms in power sector 
of India. Due to huge requirement of land and capital investment in setting up centralized power plants and the booming 
building sector paves the way for converting buildings into mini-power plants. [7] [8] [9] 
 
3. Energy Efficient Building (EEB) 
 
EEB encompass several areas, from efficient design and orientation to the technology used inside it to make the space 
heating or cooling more efficient. Efficient building concepts include passive solar design, use of efficient heating, 
ventilating and air conditioning (HVAC), use of solar water heaters, energy efficient lighting. EEB components include 
thermal envelope, renewable based construction material, components having higher insulation, efficient windows. EEB 
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are designed to environmentally conscious and self-resource sufficient throughout its lifetime starting from laying of 
foundation to renovation and deconstruction. The objective kept in mind while designing EEB is to reduce the overall 
impact of the built environment on human health and natural surroundings. This objective is to be achieved by efficiently 
using energy, water and other resources; protecting and enhancing occupant health and improving employee productivity; 
reducing waste, pollution and environmental degradation. [10] 
 
Moreover, it is in practice to generate the energy sources for the building using renewable energy sources over the building 
turning it in to net-zero building. Thus an EEB is a building unit with reduced energy demands through efficiency gains 
such that balance of energy needs can be supplied with renewable technology. A number of renewable technologies 
including PV, wind, biofuel and geothermal are available for power generation which are favourable over conventional 
energy sources such as fossil fuels and thermal energy sources. However they can be selected based on local availability, 
lifetime of the technology, technical and economic feasibility and potential to reduce environmental impact. [11] 
 
3.1 Benefits of EEB [10] 
 
The benefits of EEB are wide-ranging and multi-faceted which include: 
 
3.1.1 Energy saving and energy security 
 
Energy efficiency in buildings reduces the prevailing energy demand with maintaining the quality of service. This ensures 
in control over increase in demand and reduction in peak power demand which reduces the frequency and duration of 
power cuts. It also ensures availability of energy since the production is on-site and reduces dependency on conventional 
sources and their imports. Also on-site renewable energy generation provides better quality of power at reduced cost/kWh 
thus resulting in cost saving.  
 
 
3.1.2 Cost savings, earnings and payback 
 
Energy efficiency in buildings leads to lower energy bills and a positive return on investment. The benefits of EEB are 
long term and throughout the lifetime of the building. Also, the amount of surplus energy sent to grid produces revenue 
which adds up to the economic benefits. Early investment in EEB would be a more beneficial choice since the savings and 
earnings done in the early period can be invested in using advance technology. In this way, the economic benefits keep on 
accumulating. 
 
3.1.3 Human health benefits 
 
Intelligently designed EEB with health supportive technology has a positive impact on inhabitants leading to better 
productivity and better indoor environment. Also reduction in energy generation from thermal power plants reduces the 
pollution caused by them and thus improving local air quality. 
 
3.1.4 Addresses climate change issue 
 
Energy savings and on-site renewable energy generation result in reducing GHG emissions caused due to fossil fuel based 
energy generation. EEB also help in lowering the temperature due to use of efficient construction materials.  
 
3.1.5 Green job opportunities 
 
Up-scaling of EEB market will spur the market for advanced building technology and advanced construction creating 
green jobs. This will also be an added advantage for companies pioneering in EEB technology and green technologies. 
 
3.2 Scenario of EEB in India 
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The growth and development of EEB in India is under the authority of Indian Green Building Council (IGBC) since 2001. 
It has licensed the Leadership in Energy and Environmental Design (LEED) from the U.S. Green Building Council. IGBC 
defines green building as one which uses less water, optimises energy efficiency, conserves natural resources, generates 
less waste and provides healthier spaces for occupants, as compared to a conventional building. IGBC certifies LEED-
New Construction and LEED-Core and Shell buildings.  It promotes a whole-building approach for sustainability based on 
the five elements of nature viz. sustainable site development, water savings, energy efficiency, material selection, indoor 
environmental quality. Since 2001, 1.4 billion sq. ft. of green space has been developed in India with 2,029 green buildings 
and 362 green rated buildings [12]. 
 
Furthermore, the Bureau of Energy Efficiency (BEE) and Ministry of Power, Government of India has launched the 
Energy Conservation Building Code (ECBC) in 2007. The purpose of the code is to provide minimum requirements for 
EEB design and their construction. It is estimated that ECBC-compliance buildings will consume 40-60% less energy than 
the conventional buildings. Mandatory enforcement of ECBC nationally will yield to saving of approximately 1.7 billion 
kWh. Load requirements for application of code include connected load of 100 kW or a contract demand of 120 kVA. 
Generally buildings or complexes having area under conditioning to be 1000 m2 or more come in the scope of 
enforcement. The provisions of code are applicable to building envelopes, except for unconditioned storage spaces or 
warehouses; mechanical systems and equipment including building envelope; HVAC; service hot water heating; interior 
and exterior lighting; electrical power and motor. Implementation of ECBC is voluntary and local and state governments 
share the responsibility of its implementation. However, Ministry of Environment and Forests requires ECBC compliance 
for environmental clearance of major projects [13]. 
 
3.3 Barriers to EEB in India [10] 
 
In spite of beneficial nature of EEB and effective ECBC, the development of EEB on a macro-scale is challenging. The 
barriers to EEB include: 
 
3.3.1 Lack of information and awareness 
 
A lot of misconceptions about the initial investment, cost-savings and benefits prevail among the owners, planners, banks 
and real estate developers. This deprives them from having insight of the energy savings, cost-savings and benefits, 
marginally high initial investment and health related benefits. Lack of reliable information and spread of owner-oriented 
information is a major barrier to wide-spread EEB development. 
 
3.3.2 Lack of technical guidelines and availability of technology 
 
There is a lack of technical and skilled expertise for providing information on issues of EEB and issues pertaining to it. It 
impedes the development of skilled human capital working on EEB.  This inhibits the growth of energy efficiency both-at 
planning and at construction level. 
 
3.3.3 Substantial initial investment 
 
EEB requires about 15-20% higher initial investment as compared to conventional buildings. Also the owner is interested 
in quick returns on investment whereas the energy efficiency technologies are long-term based and the returns are not 
grandiloquent. Thus it hides the actual benefits of EEB and hinders the adaptation of EEB. 
 
3.3.4 Lack of motivation and  incentive 
  
Convenience and inertia jointly affect the adaptation of EEB. Since the adaptation of ECBC is voluntary and only a few 
incentives to the builders exist, there is a lack of motivation on the customer as well as the developer side in the real estate 
market in regard to EEB.  
 
3.4 EEB scenario in Germany and  China  
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3.4.1 Scenario in Germany 
 
The buildings in Germany are old and also the population is declining and therefore efficiency in existing buildings is of 
prime importance. Germany is located in the region of wet and cold winter and warm summer. Thus the major energy 
demand required is for space heating. Thus energy efficiency is majorly based on efficiency in spacing heating. As a 
consequence to this, EEB in Germany include retrofit of thermal envelope, replacement of heating system in existing 
buildings. District cooling system is responsible for small but important fraction of energy consumption.  
 
The energy efficiency related policies include a target to reduce the primary consumption by 80% by 2050 for the building 
sector. Mid-term goals include reducing heating demand by 20% by 2020; ensuring climate responsive new buildings by 
2020. A number of information instruments have been designed to support and create awareness among stakeholders of 
the EEB. Energy efficiency building code has been introduced by Energy Savings Ordinance to reduce thermal energy 
demand in new building. The code has set standards for primary energy usage and allows the building owner to regulate a 
grouping of insulation, heating and ventilation systems, and potentially integrated renewable energy to achieve this 
objective. To help overcome high upfront costs, the Energy Efficient Construction Program of the KfW Bank Group 
provides preferential loans, including loans for new buildings that significantly surpass the building standard. In recent 
times, the country has introduced a policy for integration of renewable energy for space heating. The Market Incentive 
Programme Renewable Energies (MAP) provides assistance to overcome cost barrier with subsidy to promote small scale 
installation of renewable heating system [14] [15].  
 
3.4.2 Scenario in China 
 
In the last decade, China has witnessed rapid growth and urbanization. Consequently, both –residential and commercial 
spaces have more than doubled in the period of 2000 to 2008. Thus energy efficiency in China is largely focused on new 
buildings. Most buildings in China are heated with district heating system with large commercial buildings having 
mechanical whole-building HVAC. Energy demand in China has almost tripled from 1996 to 2008. With the growth and 
development of the country, this demand is also expected to increase. The challenges in front of China include ensuring 
energy efficiency in new buildings at low cost; improving the efficiency of technology; provision of incentive for energy 
conservation in district heated buildings; to promote traditional techniques of ventilation and space heating. China has 
made an effort to increase compliance in HVAC systems and govern envelopes in new buildings. China encourages 
voluntary appliance labelling program. Income tax incentives and administrative measures promote efficiency of 
equipment and energy management in buildings. Financial support required for these actions are provided by various 
levels of the government [16] [17]. 
 
4. Decentralized Energy Generation (DE) concept 
 
4.1 Definition 
 
Different institutions or societies have defined DE in various manners, the definition we have adopted is the one given by 
the IEA. Thus the DE is defined as, generating plant serving a customer onsite or providing support to a distribution 
network, connected to the grid at distribution-level voltages.  
The purpose behind using the DE concept is to provide an alternative power source to the conventional centralised 
generation. Thus, the location of the power generation has to be close to the load that is to be directly connected to the 
distribution network or on the customer end of the meter.  
 
4.2 Need to go for Decentralised Energy Generation (DE) system over conventional centralised energy generation 
system 
The existence of the  alternative  energy resources has led towards  a more competitive system with an increasing amount 
of market participants, and given the increased environmental awareness, all electricity users require a more efficient, 
economic, environmentally-friendly and secure power supply system. Additionally, the constant growth in electricity 
demand in Europe as well as other countries around the globe is putting the electric power system – from generation to 
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transmission to distribution - under strain. This leads to go for the alternate energy system which in turn would be able to 
reduce the strain over the conventional system. The general approach to address these issues and to meet the increasing 
demand was to add new power capacity to the system which in general implied the construction/upgrading actions of the 
following system components: 
 
• Large generation units (i.e. Centralised fossil fuel based power plants); 
• Long transmission lines with high carrying capacity, connecting large power plants with generally distant substations 
(which in turn lead to huge transmission losses about 33 % in India as compared to globally 15-16%). 
• Short distribution lines with limited carrying capacity, connecting distribution substations with generally passive 
customers (i.e. users not able to produce power). 
 
This approach in turn requires additional amount of fossil fuel, considerable amount of land to build power plant, and huge 
amount of capital investment. Thus this shortcomings force the administration to go for the alternate energy system which 
in turn would be able to reduce the strain over the conventional system [18]. One possible solution for this ambiguity is to 
go for the DE system.  
 
The DE system basically focuses on the distributed generation, also known as dispersed or decentralised generation. 
Countries around the globe have started to shift away from conventional centralized, fossil-fuel-based power generation in 
favour of renewable-energy sources and distributed generation resulting by a confluence of forces—chief among them 
being 
  
x environmental concerns, 
x worries over energy security, and 
x Advances in technology. 
 
Energy storage is an essential requirement while using the intermittent renewable energy plants for energy production 
when the energy production through renewable resources exceeds the users’ demand. Thus the additional energy 
production has to be stored by some means such as battery storages which provide the distributed system to store the 
energy thus produced and supply back to the grid during peak hours. The on-site storage availability thus reduces the 
difficulties in controlling supply to best match the demand which is led by adding more generating sources to the 
decentralised system. 
The BCG report noted that in Germany as the energy production have started to shift towards DE system from centralised 
generation the dependence on foreign fuel will fall sharply, for example gas consumption for supplying power, for 
instance, will fall to 50 terawatt-hours in 2030 from 200 terawatt-hours in 2010.  Germany's carbon footprint will also 
improve significantly as it pursues its emissions goals, which include a 55% reduction in greenhouse gas emissions from 
1990 levels by 2030.  The growing prevalence of distributed generation—by 2030, roughly half of Germany's power will 
likely come from distributed sources, such as rooftop solar panels and wind farms, compared with roughly 15% in 2011—
will make the self-supply of electricity an increasingly viable option for individual German homeowners, industry, and 
possibly entire communities [19] [20]. 
The most important advantages inherent to the DE concept may be grouped and summarised as in the following points: 
 
x Authorisation and construction facilitation: It is generally easier to find sites for RES    and other DE than for 
large central power plants and such units can be brought online much more quickly. Additionally, The DE system 
can be connected to central grids which have their own power production capabilities and excess generation could 
be sold to the grid or a mini-grid. This link-up of DE resources through a grid system improves its reliability 
especially when using intermittent renewable resources. 
x Technical aspect: It provides planning flexibilities due to their small size and short construction lead times as 
compared to larger central power plants. Through on-site energy production, consumers of energy become 
producers and have a greater economic stake in efficient production and consumption. Smart meters make 
consumers more conscious about the  energy they use thus leading to accelerate energy efficiency measures. 
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x Environmental aspect: Renewable and/or efficient DE can reduce fossil fuel consumption and greenhouse gas 
(GHG) emissions. Further, the use of CHP, made possible through the decentralizing of electricity production, 
also increases the overall heat and power system’s efficiency and thereby reduces harmful greenhouse gas 
emissions. 
x Social aspect: Through DE system rural electrification is possible without having grid connectivity, thus it can 
lead to faster inclusive progress of the nation. 
x Economic aspect: it offers lower capital costs as compared to centralised generation. It also leads to reduce the 
transmission and distribution losses which substantially will reduce the cost of energy generation. It can also 
stimulate competition in supply allowing more players to enter the electricity market. Further, Decentralized 
siting of energy generation facilities requires decentralized businesses to construct, operate and maintain the 
facilities, creating opportunities for local business and job creation [21]. 
 
 
Fig. 2. Present grid architecture complemented with DG system [18] 
 
 
5. Reforms proposed for EEB grid-connected DE in India 
 
x Tax incentives including reduced stamp duty or business rates for properties proficient of generating their own 
electricity and expanded capital allowances for businesses. 
x Newly coming up buildings can be enforced to implement DE technologies. This would progressively reduce 
GHG emissions from the building and enable the retirement of power stations, while also transforming the 
economics of DE by generating economics of scale and cutting installation costs. 
x Government subsidy can be granted to owners implementing ECBC along with early clearance of building plans 
and issue of Building Use (BU) certificate at local level.  
x All electricity suppliers can be enforced to purchase electricity from surplus DE installations. 
x Encouraging feed-in tariffs can be implemented at initial level to escalate the growth of grid-connected DE. 
x Area-based CO2 emission targets can be set along with along with all states and local government to develop an 
energy strategy.  
x Establishment of policy for grid-connected DE at national and state level. 
x Setting targets to achieve reduction on energy generated from fossil-fuel based power plants. 
x Sanction of approval to newly coming up industries shall be issued only on agreement of grid-connected DE 
installation. 
x Incentive to DE installing real estate developers in the form of reduced stamp duty, early issue of land clearance, 
more FSI etc.  
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Conclusion 
 
The study finds the benefits and barriers to the EEB and DE in India. We find that building sector has a huge potential to 
act as secondary power source for India. Primarily implementation of architectural reforms and use of advanced energy 
efficient technology can help reducing the energy demand. Furthermore renewable DE can be used for generation of 
energy required for on-site use. Grid-connectivity of the DE will ensure reliable connectivity of the DE systems with the 
grid thus deficient power can be extracted from the grid as and when required and vice-versa. The cost of DE installation 
is much lower as compared to conventional centralized power plants thus encouraging installers and also promoting 
economic power generation. It will open up the market for small and medium players for energy trading and/ invest in to 
the energy market. Since the utilization of the generated power is on –site, the T&D losses occurring in the conventional 
power distribution system are significantly reduced. Apart from power sources, EEB with grid-connected DE also has the 
potential to reduce the GHG emissions due to use of clean energy for power generation and also due to use of 
environmentally conscious building material, the embodied carbon content of the building is also reduced. Looking on the 
EEB scenario of China and Germany, India needs to develop an aggressive approach towards wide-scale implementation 
of ECBC and promotion of energy efficiency in buildings. As well, energy efficient technology up gradation needs to be 
done keeping in to scope the system as a whole. District level heating and cooling system can be implemented to optimize 
the heating and cooling requirements using renewable energy sources. Setting of targets for demand and GHG reduction in 
buildings can be used as enforcement for the upcoming buildings to ensure energy efficiency at the foundation level itself.  
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